This research aims to investigate the relationship between investments in technological capability and economic performance in Brazilian firms. Based on economic development theory and on developed countries history, it is assumed that this relationship is positive. Through key indicators, 133 Brazilian firms have been analyzed. Given the economic circumstances of an emerging economy, which the majority of businesses are primarily based on low and medium-low technology industries, it is not possible to affirm the existence of a positive relation between technological capability and firm performance. There are other elements that allow firms to achieve such results. Firms of lower technological intensity industries performed above average in the economic performance indicators, adversely, they invested below average in technological capability. These findings do not diminish the merit of firms' and country's success. They in fact confirm a historical tradition of a country that concentrates its efforts on basic industries.
Introduction
Joseph Schumpeter, in 1911 , has already recognized the relationship between economic development and technical progress. These concepts underpin the economic development based on innovation. It is from the relationship between knowledge and development, that we assume there is a positive relationship between technological capability and economic performance. Therefore, if we consider that, to profit, a firm needs a capability to innovate, the more firms invest in their technological capability, the greater its performance should be.
Years have shown that this relationship is often positive in developed countries. However, between 2000 and 2010 Brazilian GDP grew more than 200%, even though its economy is based on low and medium-low-technology industries (as OECD, 2011 classification) . Industrial sectors such as these tend to invest less in their technological capability. Nevertheless, Brazilian companies like Petrobras (petroleum product), Vale (basic metals) and Ambev (beverages), besides being industry and national leaders, represented the biggest revenues among Brazilian industrial firms, between 2008 and 2010.
One question, thus, arise: how can a low or medium-lowtech company achieve positive economic performance? This picture indicates that, besides investing in technological capability, there should be other means for lower technological intensity firms to reach competitiveness.
Given this context, we aim to answer the following question: what is the relationship between technological capability and firm performance in Brazilian firms? By answering that we may contribute to understand of this relationship in an emerging economy scenario, where most industrial companies are traditionally operations based. This paper is organized in a way as to give a background of technological capability and firm performance, as well as their relationship, and to present the indicators used to measure both constructs. Following that, we present the method used in this research, and then, data is analyzed and results are discussed to, finally, make our final remarks on this research.
2.Technological capability and firm performance
During the 1990s, different studies focused on firm technological capability issues (Lall, 1992; Bell and Pavitt, 1995; Archibugi and Pianta, 1996; Panda and Ramanathan, 1996; Kim, 1999) . Both theoretical and empirical studies had deepened the research on this subject. Furthermore, new insights started to address the relationship between technological capability and firms' successful performance (Hall and Bagchi-Sem, 2002; Garcia-Muiña and Navas-López, 2007; Jin and Von Zedtwitz, 2008; Figueiredo, 2009 ).
Skills, knowledge and experience are required to operate existing systems and to generate technical change from technological capability. Lall (1992) sees technological capability as a continuous process to absorb and to create technological knowledge from the interaction with the environment and the accumulation of skills and knowledge mastered by a firm. Bell and Pavitt (1995) understand that efficiency is not only affected by external technology acquisition, but also should consider the ability to manage internal changes in technologies used in the production.
Firms need, in fact, to accumulate resources and competences, which allow them to have a more developed technological capability than their competitors. In that sense, technological capability relates to absorption and transformation of a technology as a way of reaching higher levels of technical-economic efficiency (Zawislak, et.al., 2012; Ruffoni, et.al., 2012) .
Many authors link technological capability to firm knowledge (Panda and Ramanathan, 1996; Garcia-Muiña and NavasLópez, 2007; Jin and Von Zedtwitz, 2008) . For Pavitt (1998) , firms develop their technological capability in an incremental way, and in doing that, they are limited to continue to do what they already know, which means there is a cognitive limit to what a firm is capable of doing. In sum, the concept of technological capability embraces the generation of new knowledge and learning. Calantone, Cavusgil and Zhao (2002) , say that learning leads a firm to innovate, which affects its performance.Accordingly, they argue that firms need to focus on learning process to obtain competitive advantage in the market. For Sirmon, Hitt and Ireland (2007: 277) , firms' ability to leveraging relates to its "capability to create value for customers and wealth for owners".
In this study, we understand technological capability as the firm's ability, based on its accrued knowledge, to perform a set of activities, which results in new technological knowledge development to achieve positive economic results.
What defines firm's performance may vary, and depends on what its goal is and the context in which it operates. With the rise of information technology and the consequent globalization of markets, companies seek competitiveness through technological and organizational innovations (Tigre, 1998) . Thus, evolutionary theories of the firm (Nelson and Winter, 1982) got stronger and therefore, technological change has become a major concern within firms.
In a constantly changing context, firms should focus on their internal performance and also pay attention to the market. Technical knowledge must be sold or somehow used in the market to generate higher profits (Teece, 1986) .
Many authors believe that economic gains arising from technical change and firms' performance are, in fact, the result of innovations. Dosi (1988) emphasizes the importance of economic returns arising from activities such as exploration and development of new products and new production techniques when a firm believes there is a market for its new products and processes. Pavitt (1998) said it is important to apply knowledge into commercially successful innovation, therefore, a firm with good performance is a firm that achieves competitive advantages. Tsai (2004) argues that a firm with a faster product development process than its competition can get first in the market and ensure good economic returns.
Firms innovate because they expect to obtain economic benefits with it. Often this profit does not come from launching brand new products. It can actually come incrementally, from adjustments in production process, in organizational structure or even from marketing actions. They all allow for higher margins.
The understanding of the firm performance evolves, along with the relationship of its technological capabilities, with the society development. While society was simpler, performance was related to cost reductions and higher profits. As society become more and more complex, firms as a way to keep their business up and running, must also evolve. By analyzing the relationship between R&D and productivity, Griliches (1998) considers the role of R&D as an input to the productivity growth process. His main research result indicates that research and development positively contribute to general productivity growth.Authors studying technological innovation capability impact on Chinese firms' performance found that, although small, there is a significant relationship between R&D investments and performance indicators (Yam, et.al., 2004) . Wang (2007: 356) states that "new knowledge and new technology generated from R&D activities increase productivity, not only at the firm level, but also at the industry and national levels." In studying relationship between R&D and market value in developed countries, Ehie and Olibe (2010) understood that successful investments in R&D result in innovative products and services that enable a company to improve its intangible assets. They concluded that investments in R&D positively affect firm performance.
Besides some specific findings, most of these studies indicate, in one way or another, that there is a positive relationship between technological capability and firm performance. These findings reinforce the assumption that the greater are the investments in technological capability, the better the economic performance of firms is.The question is whether this assumption is valid in an economy like Brazil, which is traditionally more operational than technological.
Measuring technological capability and firm performance
To better understand the aforementioned relationship between technology and development, both in company and national levels, we should make use of empirical data. Studies that aim to measure firm performance as a result of its technological capability often use R&D investments and number of patents registered by the firm (Hall and BagchiSen, 2002; Tsai, 2004; Coombs and Bierly, 2006; Garcia-Muiña and Navas-López, 2007) .
Performance has been commonly assessed through traditional financial measures, internal efficiency, or market performance. The reviewed authors mentioned around 90 technological capability elements. The most frequent approach is in relation to research and development activities and to patent registration. Table 1 sums up these works. (Guan, et.al., 2006; Coombs and Bierly, 2006; Choi and Jong, 2010) indicate the importance of using multiple measures to assess firm performance as opposed to solely financial or market indicators. Therefore, to evaluate economic performance of Brazilian firms, we selected indicators that: covered the two major groups identified, could be measured financially, and were available in the companies' reports. Table 2 sums up these measures.
3.1.Technological Capability and Firm Performance Indicators
It is assumed that the effective use of resources reflects in positive results for the firm. In this sense, investments in technological capability allow a firm to obtain positive economic performance. From this, we sought to identify which are the most significant indicators of technological capability and firm performance that can be identified through the reports released by companies. Table 3 shows the indicators used in this research.
Element Basis for firm performance indicators
Sales ROS (Return on Sales) (Calantone, Cavusgil and Zhao, 2002; Coombs and Bierly, 2006; Dehning, Richardson and Zmud, 2007) Sales growth (Schoenecker and Swanson, 2002; Yam et al., 2004; Coombs and Bierly, 2006; Guan et al., 2006; Artz et al., 2010) Total revenue (Hall and Bagchi-Sen, 2002 ) Profit Overall profitability (Calantone, Cavusgil and Zhao, 2002) Growth rate of profitability (Choi and Jong, 2010) Greater profitability than competitors (Isobe, Makino and Montgomery, 2008) EBITDA (Earnings Before Interest,Taxes, Depreciation and Amortization) (Bellinghini and Figueiredo, 2006) Percentage of profit growth (Guan et al., 2006 
Method
To understand the relationship between technological capability and firm performance in and emerging economy, we analyzed 133 Brazilian industrial firms that were listed in the major national stock market (BM&FBovespa) between 2008 and 2010. We chose listed firms because they are required to inform their results, to follow the same data presentation standard, and they have a market indicator which can be measured (stock price).
In 2011, 518 companies were listed in BM&FBovespa (2011), however, because we limited our research to industrial firms, we had 169 firms. We have also excluded companies that, besides being industrial, are focused in services, for example, transportation services, sales of machinery and equipment, and telecoms. In addition, there has been exclusions of foreign companies that have consolidated data in their country of origin; companies that had no operations or had their operations halted in one or more years of the analyzed period, or capital was closed until a closing date of that period; cases where there has been a merger between companies in situations where their data was computed by another company, or when data from groups of companies are presented only consolidated; and companies that are no longer listed in BM&FBovespa and for this reason their historical data are no longer available. After all exclusions, our final sample was 133 industrial firms.Appendix 1 shows how these companies are classified by BM&FBovespa according to their industrial sector.
We collected secondary data through these companies' annual reports and profit and loss statements, their websites, and through data released by the BM&FBovespa. 
Results analysis
In this section we analyze technological capability and firm performance indicators results. First, we build an industry profile, then we discuss the technological capability indicators, so we can finally analyze their relationship with firm performance indicators.
Industry Profile
Bovespa Index is the most important indicator of share prices of Brazilian stock market (BM&FBovespa, 2012) . For this reason, we used it to compare individual shares performance between firms in the sample. The 133 firms analyzed are classified into seven major sectors, according to BM&FBovespa (2011): Industrial Goods, Construction and Transportation, Cyclical Goods, Non-Cyclical Goods, Basic Materials, Oil, Gas and Biofuel, and Information Technology (IT) (Appendix I). In order to contextualize the complexity with which these sectors deal in their daily production, and thereby to understand their results, we used technological intensity classification, according to the Organization for Economic Cooperation and Development -OECD (OECD, 2011) . Firms in the sample are predominantly (68%) of low and medium-low-technology, which is a representation of a country that is historically operational. Table 4 shows how firms are classified according to OECD (2011) classification.
Cyclical and non-cyclical goods industries stand out as the ones that best represent the national economy.They are large sectors formed by intensive labor manufacturing companies such as footwear, and by companies of agricultural sectors, like food and tobacco production. Moreover, the minority of companies is classified as high-tech, represented here by computers and equipment, aviation, hospital equipment and medication industries. It is noteworthy, however, that the highest operating profit (EBITDA in relation to net sales) and the highest net sales growth between 2008 and 2010 came from industries of medium-low and low-technology.
Results like these suggest that companies not necessarily need to be high-tech to obtain good results, at least in an emerging country context. 
R&D and Patenting Profile 5.3. Performance Profile
Among the companies that made their information about investment in research and development available (n=38), the average investment in R&D represented 2.44% of net sales from 2008 to 2010. Ehie and Olibe (2010) , in researching the relationship between R&D investment and market value of U.S. industrial firms, found that the percentage invested in R&D compared to net sales was 3.24%.
Although smaller, the oil, gas and biofuel and information technology sectors are the only industries that all companies carry out R&D activities. Also, sectors of industrial goods, non-cyclical goods and basic materials have, by percentage, more companies with R&D in comparison with the sample. This finding is consistent with the technological intensity classification, because these are the only sectors with firms of high and medium-high-technology intensity.The exception of this information is the oil, gas and biofuel, which due to Petrobras' large size, causes a bias in the results. Although OECD (2011) classifies petroleum products as mediumlow-technology, to Brazil, this is one of the industries that leads the economy.
Patent registration was low (average of patents registered from 2008 to 2010 was 3.8 per company), and decreased during the period. Of the 133 firms, 81 did not registered any patent in the period observed. The small number of patents reflects how little this practice is encouraged in the country. Some companies, however, stand out compared to others, such as Petrobras, which recorded 360% more patents in relation to second place in this ranking. In relation to firm performance indicators, between 2008 and 2010, the 133 firms presented an average growth of 17.5% in net sales. In relation to the number of patents registered between 2008 and 2010, the only sectors that have above average records were industrial goods and oil, gas and biofuel. The same reasoning done about Petrobras in relation to R&D investment can be done in relation to patents registration. In the period analyzed, Petrobras have registered almost five times more patents than the second firm with the largest number of registrations, raising the average for the entire industry. Through ANOVA it was observed, with 95% confidence interval, a significant difference regarding patent registration between industries. Oil, gas and biofuel has significant difference with every other sectors. In other words, worldwide it can be a medium-low-tech industry, but in Brazil, due to the complexity of its operation and technological requirements, it is a "cutting edge" industry.
Considering the net sales in the last year analyzed, we highlight firms' performance of non-cyclical goods, basic materials and oil, gas and biofuel industries. Included in this list are companies such as Petrobras,Vale, Siderurgica Nacional, Usiminas, Marfrig, JBS, Gerdau, Cosan, Braskem, Arcelor and Ambev. This means that, besides Braskem (medium high-technology), the highest revenues in Brazil come from low and medium-low-technology industries. Regarding the operating profit, EBITDA, industries of lower technological intensity have superior results, once again supporting the reality of an economy driven by its operational capability. Of the 133 firms in the sample, 83 (62%) had an EBITDA margin (EBITDA/net sales) above average. Of these, 66% belong to low and medium-low-technology intensity industries.
In relation to market recognition of these companies, we found that five low-tech industries had the price of their shares increased above Bovespa Index average: fabrics; agriculture; beverage, tobacco and other non-cyclical goods; personal products; and miscellaneous basic materials. Besides them, two medium-high-technology industries also grew more than average: road materials; and chemicals.
In short, the higher revenues in Brazil come from low and medium-low-technology companies and, once again, it highlights the fact that the country is focused on its operational capability. Itautec, for example, a high-tech company, which despite having invested above average in R&D (4.13%) and having registered more patents than average, had, in general, a below average economic performance.
These data, and the finding that sometimes those industries that have invested in their technological capabilities did not have superior economic performance, and that those industries with superior performance did not invested above average in technological capability, strengthen the characteristic of national economy. It leads to questioning the reasoning that to grow, firms must invest in technological capability.
Technological Capability and Performance Relationship Profile
Once we analyzed firms' technological capability and performance results, we then looked into their relationship.
For that, we analyzed the data in two different ways: first, we considered nominal figures (in dollars) of investments and performance, and then we used all values adjusted for firm size.
5.4.1.Analysis with nominal figures
When we look into the raw data (nominal figures) for R&D investment of Brazilian companies, using Pearson correlation we found positive correlation (p = 0,01) between R&D investment and patents registered. For example, correlating investments made in 2008 and patents registered in 2010, the correlation coefficient was 0.513 (p = 0,01). From previous works on this field, it is assumed that the larger the investments in R&D, the more patents are registered.
That is the case of Artz et al. (2010) , who tested nominal figures, found significant and positive relationship between R&D investments and the number of patents registered.
Of the sample,99 (74.4%) firms perform R&D activities.From this observation, we chose to use t-test to detect differences between means of firms that have R&D and the ones that do not. It is statistically significant (< 0.05) the difference between means of the two groups in relation to patents number for each year and also for total patents registered in the period. Firms with R&D registered, on average of the period, 4.97 patents, while those that do not perform these activities, registered only 0.38. This result confirms that companies that have research and development activities register more patents than those who do not.
This difference also occurred with respect to two indicators of economic performance, EBITDA and net sales.There was significant difference to the value of EBITDA in 2008, 2010 and the total period. The average EBITDA for the three years, for the companies that have R&D was more than 2,000% higher than the ones without R&D. The difference of means in relation to net sales occurred in all years of the period as well as in total period. The average net sales was 864% higher for companies carrying out R&D activities.
Following the theory based on Schumpeter (1942) , regarding the role of R&D departments as promoters of extraordinary profits, looking into the nominal figures we could say that companies that carried out R&D activities had superior performance.
We have also tested the correlation between investments in R&D and EBITDA. Results show significant (p=0,01) strong to very strong correlation in all years. For the average investment between 2008 and 2010, and average EBITDA the correlation was 0,875. Considering the correlation of the average investment with the three years average net sales, we, once again, found significant correlation (0,740).
5.4.2.Analysis with weighted data
Correlation results become completely different when we adjusted these indicators to control for firm size.
We measured R&D investment as the ratio of R&D expenditure to total net sales of the firm, as it has been previously used by technological capability authors (Hall and Bagchi-Sen, 2002; Madanmohan, Kumar and Kumar, 2004; Coombs and Bierly, 2006; Ehie and Olibe, 2010) . Ehie and Olibe (2010) said that it is preferable to use this measure instead of the nominal one. They claim that the latter is related to firm size and can confuse the relationship between R&D and performance.
In this sense, when we previously looked only into the nominal figures, we found that the greater the investments in R&D were, the more these firms registered patents. However, this relationship was not sustained when controlled for the size data is analyzed. Making the analysis of the weighted data, the relationship is not significant between R&D investment and the number of patents registered during the period (n = 38). If on one hand the theory shows that investment in technological capability can be translated by investments in R&D and that, in turn, these may reflect the number of patents registered, on the other hand, the analysis showed that this relationship is weak in Brazilian firms.
We compared firms that have R&D activities to those that do not, and analyzed their EBITDA results. When first did it with nominal figures we found significant differences between the two groups. However, when we test this same relationship, but with values weighted to company size (% growth of EBITDA and net sales), these correlations are no longer significant. The relationship tested with nominal figures (dollars) only shows that the larger companies (higher values of EBITDA and net sales) are those that perform R&D activities. This finding is actually stating that among the factors that influence Brazilian firms to carry out (or not) R&D activities, is their size, because once data are controlled for the companies' size, the statistical relationship is not significant.
We have identified that firms with R&D have recorded more patents than the ones without. They also have higher EBITDA and net sales in dollars. Since this relationship was not significant with values weighted to firm size, in the Brazilian reality, is not the fact that companies having R&D activities lead to higher net sales and EBITDA, but rather the opposite. Large companies are those that are able to afford a R&D department.
Similar to what happened with EBITDA and net sales correlations with the existence of R&D activities in the firm, happened with the other technological capability indicators: R&D investment and patent registration. When nominal figures were analyzed, the correlations were significant and strong, however, when we attempted to control for firm size, results were rather different.
We calculated the percentage of net sales invested in R&D, that is, the ratio of the average over the three years of investments in R&D to the average net sales over the same period. When testing this new indicator to net sales growth of companies between 2008 and 2010, there was no significant correlation. We have also tested it with two new EBITDA indicators, to consider the size of the firms: EBITDA growth from 2008 to 2010, and EBITDA margin (EBITDA as a percentage of net sales) of each year.
While the correlations between the nominal figures of investments in R&D and EBITDA were from strong to very strong, considering firm size we only found one significant correlation, although small (0,328), and 95% significance (% variation of EBITDA from 2008 to 2010 with R&D investment/net sales). Additionally, there was no significant correlation between R&D investments and net sales, when data was adjusted for firm size.
Another performance indicator analyzed was stock prices growth. There is no significant relationship between it and R&D investments. With this finding, we note that the market is not 'recognizing' nor 'valuing' the investments in R&D activities.
The relationship between technological capability and firm performance
Taking into account only the indicators of nominal figures, we could conclude that the more a firm invests in R&D, the more patents it registers, and the better is its economic performance. If we take Petrobras as an example of the Brazilian scenario, we have the company with the largest revenue in dollars, the company that invests in R&D in dollars the most, and the company that have registered the largest number of patents between 2008 and 2010. However, all these correlations lost strength when values were controlled for the size of the firms. In this sense, confirming the findings of Griliches (1998) , we understand that the true relationship should be: the larger the company, the more it is able to invest in technological capability.We have also found that, unlike the assumption that the relationship between investments in technological capability and firm performance is positive, companies with superior economic performance invested less in R&D than the average of firms analyzed.
In sum, we could assume that, in average, big Brazilian companies do invest in R&D and patenting. And this is boosting their performance. However, we could also state that a Brazilian company may not be big, neither invest in R&D nor have patents and, even thought, have a positive performance.
Final remarks
Using Brazilian firms, grouped into seven different industrial sectors, we analyzed the relationship between technological capability and firm performance. By correlating indicators of both constructs, we observed that when treating data in dollars as opposed to weighted to the firm size, several relationships are significant.
The main ones are investments in R&D with patent registration, and each one of them with EBITDA and net sales. These last two were also positive related with the existence of a R&D area in the company. These findings could agree with the common sense that companies which have an R&D department have higher revenue and profit, or even, the more firms invest in R&D, the more they generate patents and the greater their revenue and profit are.
This reasoning is plausible for complex societies of developed economy. Emerging economies do not present the same characteristics, so their results are also different.
Brazil is an example of this situation, a country where the industrial base consists primarily of low and medium-low technology firms.
We found, at the same time, strong correlations between R&D investments and firm performance using nominal figures, and none or very weak correlations when adjusting these figures to firm size.It shows that,in fact,the investments in technological capability are not necessarily responsible for leading Brazilian firms to achieve positive performance.
Here, their size matters, the largest companies (higher net revenue) are investing more (in dollars) in R&D and, hence, registering more patents. These results are consistent with Griliches (1998) idea, which say rich companies can spend more of their money on 'luxuries' such as R&D.
Besides, as it is a fact that even not investing in R&D some companies are achieving positive results, there are other factors that are leading companies to have such performance. On average, low and medium-low-technology companies had superior results than the sample average in the performance indicators: EBITDA margin, net sales growth and growth of share price. In addition, these industries invested below average in R&D and registered fewer patents than the sample average. However, while high and medium high-technology companies invested more in R&D and registered more patents than average, that is, they invested more in technological capability, their performance was not as remarkable as that of other sectors.
These results reflect the traditional national economic structure, which is not yet focused on technological development, but on operational capability (Zawislak et al., 2013) . In that sense, we could assume that Brazilian high tech sectors have companies labeled as such, however not behaving as high-tech ones. Once established in Brazil, they do not necessarily need to invest in high-tech capabilities.
Much of the technology needed will often came from abroad, where major R&D activities are, in fact, performed. In contrast regular local activities and learning trajectories will get concentrated mostly on operational issues. In other words, high-tech industries, differently than in developed countries, not necessarily depend on high-tech capability.
Results show that there are industries, of fundamentally lower technology intensity, which do not require investments in technological capability to achieve superior economic performance. They belong to more stable industries, focused on operational efficiency, on providing products of good quality, and on seeking the lowest possible cost. Furthermore, the operational focus stands out once again when we realized that higher revenues come from low and medium-low-technology firms, such as Petrobras, Vale and Ambev.
Considering the findings we presented, we have some concerns about the Brazilian economy future. As societies became more complex over time, emerging countries are also developing.Theory states that positive economic results are the result of investments in knowledge, in this case, technological capability. Thus, we need to discuss where, how and why to invest in research and development.
There are industries that do not depend primarily on technological development to survive, such as low-tech. The majority of investment these firms make is not on R&D activities, but on guaranteeing that their process is in order to maintain their operational levels better than the competition's. Besides, if in Brazil there are 5.1 million firms, and of that total, 98% are micro and small companies (SEBRAE, 2012) , how can we promote national technological development?
Even if the majority of the analyzed firms are of lower technology intensity, in one way or another, they maintain some kind of technological activity. Moreover, Brazil stands out worldwide in low-tech industries, such as agribusiness.
Having that said, how would the relationship between technological capability and firm performance be if we observe the same industries internationally? That is, how much do the same size and sectors firms of other countries spend? If Brazil invests more in these industries than other countries, then yes, the technological capability can influence development in emerging economies. In other words, one could say that Brazilian low-tech companies, considering their internal and external competitive advantages, must behave much more as high-tech ones than Brazilian high-tech themselves.
All these findings do not diminish the merit of the firms' and the country's success. They in fact confirm a historical tradition of a country that concentrates its efforts on basic industries. Since this is a country of companies focused on operational efficiency and commercial capabilities, what types of projects can they develop without impairing their performance? Should they invest in other areas other than technological? How can we see innovation in these low technology intensity industries?
Regardless of which is the 'source' of positive performance of Brazilian firms, technological or operational, any firm, to be a leader, needs to be ahead of others. That is, it must constantly change its technological content and thus, add value to shareholders.
